Six populations P 1 , P 2 , F 1 , F 2 , BC 1 , and BC 2 of two faba bean crosses were established during winter 2013/2014 to 2014/2015 seasons and evaluated in 2015/2016 winter season at Experimental Farm, Faculty of Agriculture, Al-Azhar University at Assiut Branch. The mean values of F 1 surpassed the high parent in each cross for all the studied traits, indicating over dominance. Variance estimates of the segregating generations were greater than that of the F 1 and their parents. The magnitude of dominance was higher than additive effects for all studied traits in the two crosses, indicate the importance of dominance gene effects in the inheritance of all studied traits. High genetic gain was found to be associated with rather high and moderate heritability estimate for most studied traits, therefore selection for these traits in the two crosses under investigation should be effective and satisfactory.
Introduction
Faba bean (Vicia faba L.) is an important source of protein for human in developing countries and animal in industrialized countries (Haciseferogullari et al 2003) . In addition, as other seed legumes, faba bean provides nitrogen fixation and has a major role in crop rotation in many regions of the world (Alan and Ceren 2007) .
Faba bean breeders have used several biometrical techniques to formulate the most efficient breeding procedures for evaluation of genetic effects of genes controlling quantitative traits to bring about the maximum improvement of enhance yield potentials amongst a large array of them, generation mean analysis is an efficient procedure. Generation mean analysis uses six basic generations which included parents (P 1 and P 2 ), first and second generations (F 1 and F 2 ) and first two backcrosses (BC 1 and BC 2 ). An understanding of the mode of gene action, knowledge of genetic variances, levels of dominance, and the importance of genetic effects may help plant breeders to enhance yield potentials (Wolf and Hallauer 1977) . The generation mean analysis is an important tool for the estimation of different genetic effects such as types of gene action, heritability and heterosis (Kearsey and Pooni 2004 , Checa et al 2006 , Rebetzke et al 2006 and TirunehMulugeta et al 2013 . Heritability estimate is useful in predicting the expected genetic advance from selection in segregating populations. The estimates of genetic advance help in understanding the type of gene action involved in the expression of various polygenic characters. High values of genetic advance are indicative of additive gene action, whereas low values are indicative of non-additive gene action (Singh and narayanan 1993) . Thus the heritability estimates will be reliable if an accompanied by a high genetic advance. Exploitation of heterosis could pay off improving yield potential and its components in faba bean, where superiority of hybrids over the mid and/or better parents for seed yield is associated with manifestation of heterotic effects in important yield components, i.e., number of branches/plant, number of pods/plant and 100-seed weight.
The aim of the present study was to perform genetic analysis of yield and yield components in two crosses of faba bean, using generation mean analysis. Furthermore, inheritance of traits under investigation was studied.
Materials and Methods
The present investigation was carried out at Experimental Farm, Faculty of Agriculture, Al-Azhar University at Assiut Branch during three successive winter seasons 2013/2014, 2014/2015 and 2015/ 2016. The experimental materials in this study consisted of six populations P 1 , P 2 , F 1 , F 2 , BC 1 , and BC 2 of four faba bean parental genotypes i.e., Giza 2, Giza 3, Giza 40 and Giza 716. Where, two crosses were formed the first (Giza 2 (P 1 ) x Giza 40 (P 2 )) and the second (Giza 3 (P 3 ) x Giza 716 (P 4 )). The origin and maturity of these faba bean genotypes are presented in Table 1 . 
Experimental layout
In 2013/2014 season, the following two crosses were formed to obtain F 1 : The first cross: Giza 2 x Giza 40 The second cross: Giza 3 x Giza 716
In 2014/2015 season, the F 1 seeds of the two crosses with their parents were sown and the F 1 plants were self pollinated to obtain F 2 and backcrossed to both parents to obtain BC 1 and BC 2 for each cross.
In 2015/2016 season, the six populations P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 from each cross were sown in a randomized complete block design (R.C.B.D) with three replications Experimental Farm, Faculty of Agriculture, Al-Azhar University at Assiut Branch. Each parent was represented by two ridges, each F 1 by one ridge, each F 2 by 5 ridges and each BC by 3 ridges in each replicate. The ridge was 3 m in long with 60 cm between ridges. Planting was done in hills spaced 20 cm apart on one side of the ridge. The recommended cultural of faba bean production were applied at the proper time.
Data were collected for plant height (cm), number of branches/plant, number of pods/plant, 100-seed weight (g) and seed yield/plant (g).
Statistical analysis:
Various biometrical parameters used in this investigation would only be computed if the F 2 genetic variance was found to be significant. Heterosis (H%) was expressed as percent increase of the F 1 performance above the better parent value. Inbreeding depression (I.d%) was estimated as the average percent decrease of the F 2 from the F 1 . F 2 deviation (E 1 ) and backcross deviation (E 2 ) were measured as suggested by Mather and Jinks 1971. Potence ratio (P) was also calculated according Peter and Frey 1966.
Genetic analysis of generation means to give estimates of mean effect parameter (m), additive (a), dominance (d), additive x additive (aa), additive x dominance (ad) and dominance x dominance (dd) were calculated using the methods illustrated by Gamble (1962) . Heritability was calculated in both brad and narrow sense according to Mather 1949 . The predicted genetic advance under selection (∆ g%) was obtained following Miller et al 1958.
Results and Discussion
Varietals differences in response to their genetic background were found to be significant in the all studied traits. The genetic variance within F 2 populations was found to be significant for all the studied traits in both two crosses. Consequently, the various biometrical parameters used in this investigation were estimated. Mean performance and variance of the six populations P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 from each cross for all the studied traits are presented in Table 2 . The obtained results exhibited that mean values of P 2 in both crosses were higher than P 1 for all the studied traits, except plant height in both crosses, while in crosses the means of parents gave different values from one to another. The mean values of F 1 surpassed the high parent in each cross for all the studied traits, indicating over dominance. Variance estimates of the segregating generations were greater than that of the F 1 and their parents. These results are supported with the findings of Hendawy 1994 and Akhshi et al 2014. Useful heterosis, inbreeding depression (I.d%), the F 2 deviation from the average of the F 1 and mid-parent value (E 1 ), the backcross deviation E 2 and potence ratio (P) of the two crosses for all the studied traits are presented in Table 3 . The obtained results exhibited that significant or highly significant positive useful heterosis was found for all the studied traits in both crosses, indicating that heterotic effects for seed yield/ plant were associated with other yield components. In addition, there was sufficient genetic variability among the assessed parents to favor efficient breeding for these traits. Significant hybrid vigour was previously re- Inbreeding depression estimates were significant or highly significant for all the studied traits of both crosses. Heterosis in the F 1 generation should be followed by appreciable reduction in the F 2 generation, since the two parameters are similar in their causes. Present results were found to agree with this expectation in all the studied traits.
The F 2 mean performance was high significant deviated from the average of the F 1 and mid-parent value E 1 for all the studied traits in both crosses. Backcross deviation E 2 was also found to be significant for all the studied traits, except number of branches/pod of both crosses. The F 2 deviation was accompanied by backcross deviation in most traits in both crosses and that would ascertained the pronounced contribution of epistatic effect in the inheritance of near-ISSN: 1110-0486 Website: http://www.aun.edu.eg/faculty_agriculture/ E-mail: ajas@aun.edu.eg ly all the studied traits under investigation. The potence ratio values indicated the existence of over dominance towards the better parent for all the studied traits. Generally, potence ratio estimates were found to follow the same pattern of the heterosis in all the studied traits of both crosses. *,** significant at 0.05 and 0.01 probability levels, respectively.
Genetic analysis of generation means to give estimates of mean effect parameter (m), additive (a), dominance (d), additive x additive (aa), additive x dominance (ad) and dominance x dominance (dd) are presented in Table 4 . The obtained results exhibited highly significant for the mean effects (m) of all the studied traits in the two crosses, indicated that all the studied traits were quantitatively inherited. Additive gene effects (a) were found to be highly significant for all the studied traits in the two crosses, except number of branches/plant in the two crosses, suggesting the potential for obtaining further improvement of these traits. Dominance gene effects (d) were found to be highly significant for all the studied traits in the two crosses. The magnitude of dominance was higher than additive effects for all the studied traits in the two crosses, indicate that the importance of dominance gene effects in the inheritance of all studied traits. The values of additive x additive (aa) and dominance x dominance (dd) were highly significant for all the studied traits of the two crosses. On the other hand, the values of additive x dominance were non significant for all the studied traits in the two crosses, except 100-seed weight in the second crosses. In most cases, the magnitude of additive x additive gene effects appeared to be higher than dominance x dominance and additive x dominance types of gene effects, indicating that epistasis in the basic mechanism control the inheritance of the studied traits. These results are supported with the findings of El-Hady et al 1998, Salama and Salem (2001), Attia et al 2002 , Bakheit et al 2002 , Salama and Mohamed 2004 , Attia and Salem 2006 , Obiadalla-Ali et al 2013 , Tiruneh-Mulugeta et al (2013 and Akhshi et al 2014. *,** significant at 0.05 and 0.01 probability levels, respectively.
Heritability in both broad and narrow sense and genetic advance as percentage of F 2 mean were calculated and the obtained results are presented in Table 5 . Relatively high heritability estimates in broad sense were detected for all the studied traits, except number of branches/plant in the two crosses and number of pods/plant in the second cross, where moderate estimate were obtained. The estimated values of narrow sense heritability were found to be rather high for plant height in the two crosses, number of pods/plant in the first cross, 100-seed weight and seed yield/plant in the second cross. Moderate narrow sense heritability estimates were obtained for number of pods/plant in the second cross, 100-seed weight in the first cross. Relatively low narrow sense heritability estimates were detected for number of branches/plant in the two crosses and seed yield/plant in the first cross. The differences in magnitude of both broad and narrow sense heritability estimates for nearly all studied traits would ascertained the presence of both additive and nonadditive gene action in the inheritance of all the studied traits as previously obtained from gene action parameters (Table 4) .
Genetic advance under selection (∆ g %) was found to be relatively high in magnitude for all the studied traits in the two crosses, except plant height in the two crosses, where moderate estimates of ∆ g % were obtained. Dixit et al 1970 pointed out that high heritability is not always associated with high genetic gain. In this study high genetic gain was found to be associated with rather high and moderate heritability estimate for most studied traits, therefore selection for these traits in the two crosses under investigation should be effective and satisfactory. However, for number of branches/plant in the two crosses and seed yield/plant in the first cross which had low narrow sense heritability and high genetic advance, may be due to a relatively wide range of variability in these populations and selection may be effective but of less success than in the former traits. These results are supported with the findings of Hendawy 1994 
